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RESEARCH MEMORANDUM 


WIND-TUNNEL INVESTIGATION AT LOW SPEED OF THE EFFECT OF 
VARYING THE RATIO OF BODY DIAMETER TO WING SPAN FROM 
0.1 TO 0.8 ON THE AERODYNAMIC CHARACTERISTICS IN 
PITCH OF A 45° SWEPTBACK-WING—BODY COMBINATION 


By Harold S. Johnson 
SUMMARY 


Force and moment data were obtained at low speed for а family of 
bodies and wing-body combinations to determine the effects of varying 
the ratio of body diameter to wing span from 0.1 to 0.8 on the aerodynamic 


characteristics in pitch. The bodies had 12 -caliber ogival noses and 


cylindrical afterbodies. The untapered 45° sweptback wings had aspect 
ratios of 3 and NACA 65A006 airfoil sections parallel to the body center 
line. Lift, drag, and pitching-moment data were obtained through a -6° 
to about код angle-of-attack range. In addition, the experimental lift 
characteristics of the body alone and the wing-body combination were 
compared with several existing theories. 


There was а linear increase in lift-curve slope at 09 angle of attack 
with body-diameter—wing-span ratio з for the D/b = О.1 to 0.4 range, 
апа further increases in D/b from 0.4 to 0.8 resulted in only slight 
changes in the lift-curve slope. The lift-curve slope as estimated by 
an approximate theory was in excellent agreement with experiment for the 
D/b range investigated. The body-alone lift coefficient (based on the 
maximum cross-sectional area of the body) at a given angle of attack 
increased with the body fineness ratio for the 4.5- to 7.5-fineness-ratio 
range investigated. 


INTRODUCTION 


Since the advent of supersonic flight, more radical departures from 
conventional airplane configurations have been made or are being con- 
sidered. The rapid development of guided missiles has indicated that 
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even more extreme configurations show promise of providing satisfactory 
Supersonic flight characteristics. One of the basic airplane design 
variables that is béing altered by the demands of increased speeds is 
the ratio of fuselage diameter to wing span. The combination of low- 
aspect-ratio wings and а decrease in the wing area required has resulted 
in ratios of fuselage diameter to wing врап of ав high as about 0.5. 
Thus, the determination of mutual interference between а wing and а body 
has become more important. Therefore, both experimental data and theo- 
retical studies of the forces amd moments mutually induced by а wing and 
а body are of appreciable interest. 


Recent studies (for example, refs. 1 to 6) have provided informa- 
tion on this interference effect and show the great variety of problems 
involved as well as methods so far employed in dealing with them. 


Reported herein are the results of ап investigation made to deter- 
mine the low-speed aerodynamic characteristics in pitch of а 45° sweptback- 
wing—body combination having а body-diameter—wing-span ratio range of 
О.1 to 0.8 for а wide angle-of-attack range that extended well beyond 
the wing stall. In addition, theoretical estimates of the lift char- 
acteristics of the body alone and of the wing-body combination аге com- 
pared with the experimental results. 


COEFFICIENTS AND SYMBOLS 


The results of the tests are presented as standard NACA coefficients 
of forces and moments about the stability axes (which for the conditions 
of these tests (0° yaw) correspond to the wind axes). The pitching-moment 
coefficients are given about the quarter-chord point of the mean aero- 
dynamic chord shown in figure 1. The positive directions of forces and 
moment are shown in figure 2. 


A aspect ratio, ъг /в 

Am aspect ratio of exposed wing, (b - D)“ /Sp 

b wing span, 1.458 and 2.917 ft 

с wing mean aerodynamic chord, 0.48 and 0.972 ft 
D maximum body diameter, ft 

1 length of body, ft 

q free-stream dynamic pressure, са, lb/sq ft 
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SB maximum cross-sectional area of body, sq ft 
Op exposed wing area, sq ft 
S wing area, 0.709 апа 2.836 sq ft 
V free-stream velocity, ft/sec 
а, angle of attack, deg 
p mass density of air, slugs/cu ft 
C Lift 
L lift coefficient based on wing geometry, T 
Lift 
Cra lift coefficient of body based on body geometry, m 
ав 
ӘС 
С = — at а = 00 
la да 
Cig 
C = ----- аф а = 09 
Lap да, 
Drag 
CD drag coefficient based on wing geometry, с. 
Drag 
Срв drag coefficient of body based on body geometry, -- 
дов 
Cm pitching-moment coefficient based on wing geometry, 
Pitch moment 
а5 с 
Ong pitching-moment coefficient of body based on body geometry, 


Pitching moment 
ав? 
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Subscripts: 
L large wing 
D small wing 


The abbreviation F.R. is used for fineness ratio. 
MODEL AND APPARATUS 


Ihe bodies and wing-body combinations were tested in the Langley 
300 MPH 7- by 10-Ғоо% tunnel by utilizing а sting-support system (fig. 3) 
and an electrical strain-gage balance contained within the body. In 
order to provide the desired range of body-diameter—wing-span ratio 


(Ë = O.1 to 0.8), two wings, having spans of 17.5 inches (referred to ав 


the small wing) and 55.0 inches (large wing), were tested in combina- 
tion with four bodies having diameters of 5.5, T.O, 10.5, and 14.0 inches. 
Both wings were untapered and had 45° of sweepback, aspect ratios of 5.00, 
and МАСА 65A006 airfoil sections parallel to the plane of symmetry. The 


bodies had ogival noses of 15 calibers and cylindrical afterbodies. 


Because of mounting limitations (the body length had to be long enough 

to contain the balance and short enough to clear the mounting strut), 

the body fineness ratios varied from 4.5 to 7.5. (See fig. 1(c).) The 

T O-inch-diameter body and wing-body configurations were tested at fine- 
ness ratios of both 5.0 and 7.0. The wing-chord plane was coincident 

with the horizontal plane of symmetry of the body. Drawings of the config- 
urations investigated are shown in figure 1. 


TESTS 


Ihe tests were made in the Langley 300 MPH T- by 10-foot tunnel at 
dynamic pressures of approximately 30 and 120 1b/sq ft for the config- 
urations having the large wing and the small wing, respectively.  Body- 
alone tests were made at both of these dynamic pressures. The corre- 
sponding Mach numbers were 0.11 and 0.29, and the Reynolds number was 
about 0.9 x 106 based on the wing mean aerodynamic chords. Lift, drag, 
and pitching-moment data were obtained for an angle-of-attack range of 
about -6° to about 40° unless this range was limited by model load or 
extreme vibration. 
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CORRECTIONS 


The angle-of-attack values have been corrected to account for the 
deflection of the balance and support strut under load. Jet-boundary 
corrections, computed by the method outlined in reference 7, were applied 
to the data. Blockage corrections have been applied to the data according 
to the method of reference 8. Buoyancy corrections have been applied to 
account for the longitudinal static-pressure gradient in the tunnel. 


RESULTS AND DISCUSSION 


Presentation of Data 


The body-alone aerodynamic characteristics are presented in figure 4 
and the effect of body fineness ratio for the 7.0-inch-diameter body- 
alone configuration is shown in figure 5. A comparison between the experi- 
mentally and theoretically determined variation of Тов with body fine- 


ness ratio is shown in figure 6. 


The aerodynamic coefficients of the wing-body configurations are 
presented in figure 7, and the effect of body fineness ratio for the 
wing-body combinations having the 7.0-inch-diameter body is shown in 
figure 8. The D/b - 0.2 and 0.4 wing-body configurations having the 
large wing аге compared. with the ваше configurations having the small 
wing in figure 9. The experimentally determined variation of lift-curve 
slope at а = 09 with D/b is compared with theory in figure 10. Тһе 
theoretical ratio of induced body lift to wing lift &s determined from 
reference 4 or 9 is shown in figure 11. The various contributions to 
the theoretically determined lift of the wing-body configuration are 
presented. in figure 12 as a function of D/b. 


Body-Alone Characteristics 


Lift.- The variation of lift coefficient (based on the body geometry) 
with angle of attack was similar for the four sizes of bodies investi- 
gated and the data exhibited consistent effects of variations in both 
body fineness ratio and dynamic pressure (figs. b(a), 5(a), and 6). At 
& given angle of &ttack, the lift coefficient increased with body fine- 
ness ratio for the 4.5- to 7.5-Pineness-ratio range investigated. А 
change in dynamic pressure from about 50 1b/sq ft to about 120 1b/sq ft 
had а negligible effect on the lift data for angles of attack of less 
than about 169. For а given angle of attack greater than about 169, the 
lift coefficient was greater at the higher dynamic pressure and the change 
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in Ств was generally greater for the bodies having the higher fineness- 


ratio values. Тһе lift-curve slope did not vary with a for angles of 
attack of less than about 129 to 169. АБ angles of attack greater than 
about 169, the lift-curve slope was greater than that for values of а, 
of less than about 16°, and larger increases in slope at the high values 
Of а were noted for the bodies having the higher values of body fine- 
ness ratio (figs. (a) and 5(a)). There was no indication of body 


stalling below а, = 109. 


For the 4.5- to 7.5-fineness-ratio range investigated, the lift-curve 
slope at а = 09 Төр increased very nearly linearly with body fineness 


ratio as shown in figure 6 and table T. Also presented in figure 6 are 
the theoretical Clos values determined by the methods of references 3 


and 10. As determined by the method of reference h, the lift is а func- 
tion only of angle of attack and base area and is independent of the 
body fineness ratio (Ст, = Оо where а, is expressed in radians and the 


reference area is the base area of the body ). It should be noted that 
this theory may underestimate the lift for bodies that have a base area 
less than the maximum cross-sectional area since viscosity effects may 

be present and the effective base area of such bodies will be larger than 
the actual base area by ап amount dependent on the thickness of the bound- 
ary layer (ref. 4). Іп the method of reference 10, this 20 term is 
reduced by а factor to approximate the effects of body fineness ratio. 

The method of reference 10 also includes а nonlinear a? term to approx- 
imate the effects of the viscous cross flow. For the bodies investigated, 
this theory considerably overestimated the increase in lifi-curve slope 
with а, but the computed increment of Ств resulting from а change in 


body fineness ratio is in good agreement with the experimental results. 


Drag.- The effects of changes in both body fineness ratio and dynamic 
pressure on the drag characteristics were generally similar to those on 
the lift data (figs. 4(a) апа 5(a)). At a given angle of attack, the 
drag coefficient increased as the body fineness ratio was increased for 
the 5.0 to T.O range investigated amd this change in CDp increased with 


angle of attack (fig. 5(а)). Тһе change in dynamic pressure from about 
50 1b/sq ft to about 120 1b/sq ft resulted in negligible changes in Срр 


for angles of attack of less than about 200 and increases in Сур Гог 
angles of attack greater than about 20°. This increase in Cpg 8% high 


values of а, was most pronounced for the bodies having the higher fine- 
ness ratios. 


Pitching moment.- A direct comparison of the pitching-moment data 
for the various bodies tested cannot be made in figure 4(a) since the 
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body fineness r&tios and the moment-center locations varied (fig. 1). 

The experimental results for the two bodies having fineness ratios of 

5.0 (D = T.O in. and 10.5 in.) were in substantial agreement when 
referred to the same moment center. Ав expected, ап increase in after- 
body length of 2 diameters had & stabilizing effect throughout the angle- 
of-attack range investigated (fig. 5(a)). 


Wing-Body Characteristics 


Lift.- For values of а, of less than about 129, the data of fig- 
ures 7 and 8 show that the lift-curve slope generally increased with a 
and that this change in lift-curve slope with a increased with D/b 
for the 0.1 to 0.6 D/b range. For this angle-of-attack range, the lift- 
curve-slope values for the D/b = 0.8 configuration were slightly less 
than those for the D/b = 0.6 configuration. Ав the ratio of body diam- 
eter to wing span was increased, the effect of the wing stall generally 
became less pronounced. For angles of attack above the wing stall 
(а = 20°), the lift coefficient of the D/b = 0.1 configuration was rel- 
atively unaffected by changes in a. For this high angle-of-attack range, 
the lift coefficient at a given angle of attack increased as the D/b 
ratio was increased as a result of both increasing body lift with a for 
angles of attack beyond the wing stall and induced effects. 


The lift coefficient at a given angle of attack was increased by a 
change in body fineness ratio from 5.0 to 7.0 for the D/b = 0.2 and 0.1 
configurations (fig. 8). This increase in Ст, with fineness ratio was 


of about the same magnitude as was noted for the body-alone configurations 
based on the corresponding wing areas (figs. 5(b) and 5(c)). Тһе incre- 
ment of lift coefficient resulting from the change in body fineness ratio 
increased very nearly linearly with a. The lift data for the D/b = 0.2 
and O. configurations having the large wing аге in very good agreement 
with those for the same configurations having the small wing when the 
effect of the one-half-caliber difference in body fineness ratio is 
considered (fig. 9). 


The experimentally determined lift-curve slopes for the various wing- 
body combinations &t а, - OO are given in table I and ахе presented in 
figure 10 approximately adjusted (by using the experimental body-alone 
and. wing-body data) to body fineness ratios of 5.0 and 7.0 where neces- 
sary. А linear increase in Сто with D/b is shown for the D/b = 0.1 


to 0.% range, and further increases in D/b from 0.4 to 0.8 resulted 
in only slight changes in Сү. The lift-curve slope for D/b = 1.0 


(obtained from the body-alone data with the lift coefficient based on 
the area of a hypothetical untapered a&spect-ratio-5 wing) was appreciably 
higher than that for the D/b = 0.8 configuration. The Cr, values 


computed by the method of reference 1 are in excellent agreement with 
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the experimentally determined values (fig. 10). In this method, the 

lift of & wing-body combination is considered to be the summation of four 
contributions: lift of the exposed wing, body lift, induced wing lift 
(resulting from the body upwash flow field) , and tie daduced body lift 
(resulting from the wing flow'field). The lift of the exposed wing is 
n assuming that the fuselage acts as an infinite end plate 
(Ак - (b - D) /Sx |. In the calculations presented in this paper, the 


lift-curve slope of the exposed wing was computed by the following 
equationi: 


Ағ/51.5 


where ао is the section lift-curve slope рег radian, A is the sweep 
of the 50-percent-chord line in degrees, and M is the Mach number. 

The induced wing lift is approximated by increasing the wing angle of 
attack by the average upwash angle over the exposed span of the wing ав 
determined by potential theory (refs. 11 or 12). This average upwash 
angle is shown to be equal to (D/b)a and the effective angle of attack 
of the exposed wing is therefore (1 + D/b)a. The induced body lift 
(resulting from the upwash flow field ahead of the wing, the downwash 
behind the wing, and the loading carried over the body in the vicinity 
of the wing) is approximated by assuming this lift to have the same rela- 
tionship to the lift of the wing in the presence of the body as that for 
а configuration having a wing moumted on a cylinder of infinite length 
(refs. h or 9). This ratio of induced body lift to wing lift is shown 
in figure ll as a function of D/b. The variation of these four con- 
tributions to the lift of the wing-body configuration investigated with 
D/b is shown in figure 12 with the body lift computed by the methods 

of references h and 10. Also shown in figure 12 is the change in lift 
resulting from а, reduction of the body upwash to account for the effect 
of the finite wing thickness. The increment of wing lift resulting from 
the body upwash field was reduced by the ratio of body cross-sectional 
area above and below tbe wing to the cross-sectional area of the body. 
(See ref. 5.) 


itis equation was derived by Mr. Edward C. Polhamus of the Langley 
Aeronautical Laboratory and was presented (in modified form) in unpublished 
lecture notes which were distributed at the Wright Field Seminar on Сош- 
pressibility Effects on Aircraft Design, 1950. The derivation of this 
equation is similar to the lift-curve equation of reference 13 and gives 
results that are in excellent agreement with experimental results for 
wings having a wide range of plan forms. 
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Calculations were also made and good agreement with the experimental 
Ст, values was obtained by using the method of reference 1 Рог the wing- 


body combinations of references 2, 14, and 15 (tapered unswept wing, 
tapered sweptback wings, and delta wing, respectively) and for the lift 
of the wing in the presence of the bodies for the configurations of ref- 
erence 2. The methods of references 2 to 5 were not used because they 
either do not apply to the configurations of the subject investigation 
or require considerable modifications to account for the blunt bodies 
and large D/b values investigated. 


Drag.- At a given angle of attack, the drag coefficient increased 
as the ratio of body diameter to wing span was increased (fig. 7). The 
drag coefficient at a given angle of attack was increased by a change 
in body fineness ratio of from 5.0 to 7.0 for both the D/b = 0.2 and 0.8 
wing-body combinations (fig. 8). 


Pitching moment.- For the wing-body combinations having body fine- 
ness ratios of 5.0, the instability increased with D/b (fig. T). In 
general, an increase in afterbody length resulted in a reduction in the 
instability (figs. 7 and 8). There were large stabilizing changes in 
the pitching-moment slopes · dCg/dCq, resulting from the addition of the 


wing to the body (figs. h(b), Кс), and 7). 
CONCLUSIONS 


А wind-tunnel investigation was made at low speed to determine the 
effects of varying the ratio of body diameter to wing врап D/b from 
0.1 to 0.8 on the aerodynamic characteristics in pitch of a wing-body 
combination having an untapered 45° sweptback wing of aspect ratio 3 
and a body having an ogival nose and a cylindrical afterbody. The results 
of the investigation led to the following conclusions: 


1. There was a linear increase in lift-curve slope at 0° angle of 
attack with D/b for the D/b = 0.1 to 0.4 range and further increases 
in D/b from 0.4 to 0.8 resulted in only slight changes in the lift- 
curve slope. 


2. Lift-curve-slope values near ОО angle of attack estimated by an 


approximate theory were in excellent agreement with the experimental 
results. 
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5. At a given angle of attack, the body-alone lift coefficient (based 
on the maximum cross-sectional area of the body) increased with body 
fineness ratio for the 4.5- to 7.5-fineness-ratio range investigated. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., October 5, 1953. 
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TABLE I 
LIFT CHARACTERISTICS OF THE BODY ALONE AND 


WING-BODY COMBINATIONS 


Body &lone 


8For а = 30 and 120 1b/sq ft. 
bBased оп S, of large wing (b = 35.00 
CBased on S, of small wing (b= 1 


Wing-Body Combinations 


dq = 50 1b/sq ft eq = 120 lb/sq ft 
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Large wing 


/7.50 


(а) Wings. 


2076 
2046; 


1£D Variable 


(b) Bodies. 
Figure 1.- Dimensional characteristics of the wings, bodies, and wing- 


body combinations. Unless otherwise noted, all dimensions are in 
inches. 
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СОРИН ЮО 


0/р 2040 


O/b = 020 D/b = 030 


Bodies in combination with large wing 


0/6 = 280 
гу2 2060 
0/9 2040 
hr) 
0⁄5 =020 со < 
с] с Ще 
Oj 
че : | ei ") center, 
Q | (е? % 
0:350 D- 200 02/0.50 0:1400 
Ейт; 5 Кт Оста 7.0 Еп: 50 Fm = 45 


Bodies in combination with small wing 


(c) Wing-body combinations. 


Figure 1.- Coneluded. е. 
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Figure 2.- System of stability axes. Positive values of forces, moments, 
and angles аге indicated by arrows. 
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Figure 5.- The D/b = 0.8 wing-body configuration mounted in the Langley 
500 MPH 7- by 10-foot tunnel. 
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(а) CoefPicients based оп the body geometry. (Са about 0.258 location 
of the large wing. See fig, 1.) 


Figure |... Longitudinal aerodynamic characteristics ОР the body- 
alone configuration. 
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(b) Coefficients based on the geometry of the large wing. q = 30 lb/sq ft. 
Figure 4.- Continued. 
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(c) Coefficients based on the geometry of the small wing. 


Figure 4.- Continued. 
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- (e) Concluded. 


. Figure 4.- Concluded. 


CONFIDENTIAL 


тУтъкнчатяКОО 


ЕГО 


T fee = 
“| | | |_|, 


9 6 24 32 40 -8 О 8 /6 24 32 40 


a, deg a,deg 
222/20 


(а) Coefficients based on the body geometry. (Си about 0.258 location 
of the large wing. See fig. 1.) 


Figure 5.- Effect of body fineness ratio on the longitudinal aerodynamic 
characteristics of the body-alone configuration. D = 1.0 inch. 
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Figure 6.- Comparison with theory of the experimentally determined varlation 
of С өр with body Гіпепевв ratio. 
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(а) Bodies with large wing. 


Figure 7.- Longitudinal aerodynamic characteristics of the wing-body 
combinations. 


CONFIDENT TAL 


МАСА RM L53J09a 


5 


26 


4) 
~ 
Š 
Е 


ПН, 
ИШ 


о 
A С. 
a 
v 


а = 120 15/ва ft. 


(b) Bodies with small wing. 


Figure 7.- Continued. 
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(b) Coneluded. 


Figure 7.- Concluded. 
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Figure 8.- Effect of body fineness ratio on the longitudinal aerodynamic characteristics 
of the wing-body combinations. О = 7.0 inch. 
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Figure 10.- Comparison with theory of the experimentally determined 
variation of Ст. 
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Figure 11.- Theoretical variation with D/b of the ratio of the lift 
induced on the body by the wing to the lift of the wing in the 
presence of the body (from ref. 4 or 9). 
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Figure 12.- Variation with D/b of the contributions to the lift of the 
wing-body configuration as determined by the method of reference 1l. 
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